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CHAPTER 1
GENERAL

1-1. Purpose.

Thismanua provides genera information, guidance, and criteriafor the design of domestic wastewater treat-
ment facilities at permanent Army and Air Force installations.

1-2. Scope.

Criteria presented in this manua are applicable to new and upgraded domestic wastewater treatment facilities
located both in the United States and overseas. This manual provides the information necessary to determine
the sizes of wastewater treatment unit operations.

1-3. References.
Appendix A contains alist of references used in this document.

1-4. Objectives.

A wastewater treatment plant should be designed to achieve Federd, State and locd effluent quality standards
dtipulated in gpplicable discharge permits. Specificdly, the plant must be easy to operate and maintain, require
few operating personnel, and need a minimum of energy to provide treatment. Plants should be capable of
treating normal laundry wastes together with sanitary wastewater. Pretreatment of laundry wastes will not
be consdered except where such wastes might exceed 25 percent of the average daily wastewater flow, or
as aresources conservation measure when feasible. In a design for the expansion of existing plants, criteria
contained herein regarding flows and wastewater characteristics may be modified to conform to existing plant
performance data if the plant has been in operation long enough to have established accurate data.

1-5. Special design considerations.

In adesign for the expansion of existing treatment works or construction of new facilities, the designer may
offer criteria on new treatment processes for consideration. Pollution control facilities will incorporate the
latest proven technology in the field. Technology is considered proven when demonstrated successfully by
aprototype plant treating similar wastewater under expected climatic conditions. Treatment level obtained,
and operational performance and maintenance records will have been adequately documented to verify the
capability of the process. Request for use of such processes, with supporting documentation and service
performance record, will be forwarded to HQDA (DAEN-ECE-G) WASH DC 20314-1000 for Army
projects and to HQ USAF/LEEE WASH DC 20332 for Air Force projects.

1-1
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CHAPTER 2
SITE SELECTION

2-1. Location

The mgor factorsin the selection of suitable sites for treatment facilities include the following: topography;
availability of a suitable discharge point; and maintenance of a reasonable distance from living quarters,
working areas and public use areas of the proposed facilities, as reflected by the master plans. The siting
criteria for the water pollution control facility should consider State wellhead protection requirements for
drinking water sources. In absence of a state requirement, a minimum distance of 1,000 feet should be
maintained between a drinking water source and any proposed water pollution control facility. For on-site
treatment systems, rainfall and soil characteristics are mgjor criteria. Plants of 50,000 gallons per day or less
treatment capacity will be more than 500 feet from the above facilities when this minimum distance will not
result in unacceptable noise or odor levels. Larger plants, and wastewater treatment ponds regardless of size,
will be more than one-quarter mile from such facilities. Greater distance may be required when such facilities
are located: on the leeward side of the treatment plant; in areas subject to prolonged or frequent air
stagnation or fog/mist cover; and at a lower elevation than the treatment works, with surface and ground
water flow from the treatment plant toward the occupied area. (See Ferguson, 1980.)

a. Cold climate. Exceptions to the 500 feet restriction can be made for cold climate module complexes
where the trestment system is a part of the module complex. However, sewage treatment works will not be
located within the same module as living quarters.

b. Septic tank systems. Standard septic tank systems with subsurface drain fields do not fall under the 500
feet restriction. In cases where special design is provided to control aerosols, gases and odors, awaiver to
reduce the minimum distance may be requested through command channels to HQDA (CEEC-EB) WASH
DC 20314-1000 for Army projects and HQ USAF/LEEE WASH DC 20322 for Air Force projects. Distance
reductions must not result in creation of unacceptable noise levels when plant equipment isin operation. The
request will gate the specid design features that support the waiver, including any pertinent supporting data.
Unit processes, plant Sze, and prevailing wind and climatic conditions will be given. In addition, the elevation
differentiasin relation to prevailing winds, adjacent facilities and terrain will be fully described.

2-2. Space requirements.

Sufficient space must be allocated not only for suitable arrangement of the initial units and associated plant
piping but aso to accommodate future expansion. Future expansion includes the provision of increased
capacity for existing processes and the addition of new types of units known to be required for upgrading
redesigned systems to the future requirements of more stringent stream and effluent standards.

2-3. Access.

The site will be selected so that an all-weather road is available or can be provided for access to the plant.
Available rail sdings will aso be utilized when practical. Consideration should be given, during layout of
buildings, roads, fencing and appurtenances, to winter conditions, especially of snow drifting and removal.
Considerable energy savings may result from partially earth protected north walls, from solar passive
collectors, and from proper insulation. Evergreen shrubs planted in the correct location may dampen cold
prevailing winter winds but if planted in an incorrect position, can cause drifts or interfere with snow removal.
(Babbit and Bauman, 1958.)

2-1
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CHAPTER 3
TREATMENT REQUIREMENTS

3-1. General considerations.

Before treatment plant design is begun, treatment requirements will be determined on the basis of meeting
stream and effluent requirements set by either U.S. or State governments or foreign governmental agencies.
Guidance for coordination with regulatory agencies in the establishment of treatment requirements for waste
streams generated at military installations is contained in Section 4 of TM 5-814-8 for Army projects, and
in AFR 19-1 and AFP 19-5 for Air Force projects.

a. Standards. The U.S. Environmental Protection Agency (EPA) issues effluent standards covering the
discharge of toxic and hazardous pollutants. Strict limitations on discharges of these pollutants should be
imposed. Particularly applicable to the military is the prohibition of release of chemical or biological warfare
materials and high-level radioactive wastes.

b. Pretreatment. Public Law 92-500, with subsequent amendments, requires pretreatment of pollutants
which may interfere with operation of a sewage treatment plant or pass through such a plant untreated.
Additiondly, in many cases, pretreatment of industrial wastewater will be necessary to prevent adverse effects
on the sewage treatment plant processes. Some types of industrial waste may be admitted to wastewater
treatment plants, e.g., cooling tower discharges, boiler blowdown, vehicle washrack wastewater, svimming
poal filter discharges, and aircraft wash wastes using biodegradable detergents. Flow of industrial wastewater
may be reduced through process modification or wastewater recirculation. Adverse impacts on the treatment
plant can be mitigated by reducing the concentration of those compounds causing the problem. Table 3-1 is
alisting of compounds which inhibit biological treatment processes. In some cases, the adverse impact may
be caused by short-lived occurrences of either wastewater containing high concentrations of compounds or
awastewater flow rate much higher than the average daily flow. This situation, which is commonly called
“dugs,” may, in some cases, be managed by including an equalization basin upstream of the treatment plant.
(Barns, et al., 1981.)

3-1
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Table 3-1. Information on materials which inhibit biological treatment processes.

Inhibiting or Toxic Concentration; mg/L

Pollutant Aerobic Processes Anaerobic Digestion Nitrification

Copper 1.0 1.0 0.5
Zinc 5.0 5.0 0.5
Chromium (Hexavalent) 2.0 5.0 2.0
Chromium (Trivalent) 2.0 2,000? *
Total Chromium 5.0 5.0 *
Nickel 1.0 2.0 0.5
Lead 0.1 * 0.5
Boron 1.0 * *
Cadmium * 0.02* *
Silver 0.03 * *
Vanadium 10 * *
Sulfides (S7) * 100 *
Sulfates (SO;7) * 500 *
Ammonia * 1,5600% *
Sodium (Ma¥) * 3,500 *
Potassium (K+) * 2,500 *
Calcium (Cat) * 2,500 *
Magnesium Mgt +) * 1,000 *
Acrylonitrite * 5.0% *
Benzene * 50 *
Carbon Tetrachloride * 102 *
Chloroform 18.0 0.12 *
Methylene Chloride * 1.0 *
Pentachlorophenol * 04 *
1, 1, 1 Trichloroethan * 1.0®
Trichlorofluormethane * 0.7
Trichlorofluorethane * 5.0%

Cyanide (HCN) * 1.0 2.0
Total Qil (Petroleum origin)® 50 50 50

* Insufficient data available to determine effect.

! Raw wastewater concentration unless otherwise indicated.

* Digester influent concentration only; lower values may be required for protection of other treatment processes as noted above under
aerobic and nitrification processes.

s Petroleum—based oil concentration measured by API Method 733-58 for determining volatile and non-volatile oily materials. (The
inhibitory level does not apply to animal or vegetable oil)

3-2
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c. State regulations. Most states require aminimum of secondary treatment for all domestic wastewaters.
In critical areas, various types of advanced wastewater treatment processes for the removal of phosphorus
and nitrogen will beimposed by the State regulatory agencies to protect their water resources. The designer
must review the applicable State water quality standards before setting the treatment level or selecting the
treatment processes.

d. Local regulations. In generd, loca governments do not specify requirements for wastewater treatment
fecilities per se. Construction of wastewater facilities must conform to applicable zoning and Occupational
and Hedlth Administration (OSHA) requirements, and to AR 200-1 for Army projects and AFM 88-15 for
Air Force projects.

3-2. Preliminary treatment.

Prdiminary treatment is defined as any physical or chemical process at the wastewater treatment plant that
precedes primary treatment. Its function is mainly to protect subsequent treatment units and to minimize
operational problems. Pretreatment at the source to render a wastewater acceptable at the domestic
wastewater treatment facility is not included.

3-3.  Primary treatment.

Primary treatment is defined as physical or, at times, chemical treatment for the removal of settleable and
floatable materials.

3-4. Secondary treatment.

Secondary wastewater treatment is defined as processes which use biological and, at times, chemical treat-
ment to accomplish substantia remova of dissolved organics and colloidal materials. Land treatment can be
classfied as secondary treatment only for isolated locations with restricted access and when limited to crops
which are not for direct human consumption. For the legd definition of secondary treatment, see the glossary.

3-5. Advanced wastewater treatment.

a. Definition. Advanced wastewater treatment is defined as that required to achieve pollutant reductions
by methods other than those used in conventional treatment (sedimentation, activated sludge, trickling filter,
etc.). Advanced treatment employs a number of different unit operations, including ponds, post-aeration,
microstraining, filtration, carbon adsorption, membrane solids separation, and specific treatment processes
such as phosphorus and nitrogen removal.

b. Efficiency. Advanced wastewater treatment is capable of very high effectiveness and is used when
necessary to meet strict efluent standards. Organics and suspended solids removal of over 90 percent is
obtainable using various combinations of conventional and advanced wastewater treatment processes.
Phosphorus levels of lessthan 1 milligram per liter and total nitrogen levels of 5.0 milligrams per liter or less
can also be reached through advanced treatment (chap 13).

3-6. Evaluation of wastewater treatment processes.

Table 3-2 provides a summary evaluation of wastewater treatment processes. Tables 3-3 and 3-4 illustrate
the applicable processes and their possible performance. All of the above will be used for guidance in
selecting a process chain of treatment units and in conjunction with TM 5-814-8, which applies directly to
the selection of treatment processes.

3-3
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CHAPTER 4
BASIC DESIGN CONSIDERATIONS

4-1. General.

The required treatment is determined by the influent characteristics, the effluent requirements, and the
treatment processes that produce an acceptable effluent. Influent characteristics are determined by |aboratory
testing of samples from the waste stream or from a similar waste stream, or are predicted on the basis of
standard waste streams. Effluent quality requirements are set by Federa, interstate, State, and local regulatory
agencies. Treatment processes are selected according to influent-effluent constraints and technical and
economic considerations.

4-2. Design population.

Treatment capacity is based on the design population, which is the projected population obtained by analysis.
The design population is determined by adding the total resident and 1/3 the non-resident populations and
multiplying by the appropriate capacity factor (para 4-6) taken from table 4-1 which alows for variationsin
the using population. The resident population is determined by adding the following:

Table 4-1. Capacity factors.

Effective Population Capacity Factor

under 5,000 1.50
5,000 1.50

10,000 1.25

20,000 1.15

30,000 1.10

40,000 1.05

50,000 1.00

a. Military personnd. The sum of existing and proposed (programmed) family housing units; permanent,
temporary and proposed BOQ and BEQ spaces.

b. Dependentsand others. The sum of unitstimes 1.6 dependents; the number of National Guard, ROTC
and Reserve personnel peak populations normally expected (not in the field); population of any boarding
schoals; anticipated overnight vistorssuch as TDY personnel; guesthouse spaces; any satellite functions such
as service to a loca community or other Federal bodies; and others not shown above. The non-resident
population is found by summarizing the following:

— Off-post military. Thisis the difference between the resident military asindicated in 4-2a above and the
strength shown in the Army Stationing and Installation Plan (ASIP).

— Civilian personnel under Civil Service.
— NAF personnel.

— Contractor personnel.

— Daytime schools.

— Daytime transients.

The effects of birth rates, death rates, and immigration are not applicable to military installations. The assigned
military population both present and foreseeable, is obtained from the ASIP.
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4-3. Estimating future service demand.

a. Nature of activities. The nature of the activities of the personnel at a military installation are a very
important factor in determining per capita waste loads because different activities have different water uses.
Table 4-2 illugtrates thisfact in terms of gallons per capita per day (gpcd); table 4-3 shows how waste loadings
vary between resdent and non-resident personnel. The values shown in table 4-3, for that portion of the contri-
buting population served by garbage grinders, will be increased by 30 percent for biochemical oxygen demand
values, 100 percent for suspended solids, and 40 percent for oil and grease. Contributing compatible industrial
or commercia flows must be evaluated for waste loading on a case-by-case basis.

Table 4-2. Per capita sewage flows.

For Resident Personnel (gpcd)

Type of Unit Permanent Field Training
Hospital units 300-600 100
All other units 100 35

NOTE: Add 30 gallons per 8-hour shift per capita for non-resident and civilian personnel.

Table 4-3. Sewage characteristics.

Resident Personnel Non-resident Personnel
Ib/capita Ib/capita
Item for 24 hrs for 8-hr shift
Suspended Solids 0.20 0.10
Biochemical Oxygen Demand 0.20 0.10
0il & Grease 0.09 0.05

4-4. VVolume of wastewater.

a. Variationsin wastewater flow. The rates of sewage flow at military installations vary widely throughout
the day. The design of process elements in a sewage treatment plant is based on the average daily flow. Trans-
mission elements, such as conduits, siphons and distributor mechanisms, will be designed on the basis of an
expected pesk flow rate of three times the average rate. Clarifiers will be designed for a peak hourly flow rate
(i.e, L.75 timesthe average daily rate). Consideration of the minimum rate of flow is necessary in the design of
certain elements, such as grit chambers, measuring devices and dosing equipment; for this purpose, 40 percent
of the average flow rate will be used.

b. Averagedaily wastewater flow. The average daily wastewater flow to be used in the design of new treat-
ment plants will be computed by multiplying the design population by the per capita rates of flow determined
from table 4-2, and then adjusting for such factors as industrial wastewater flow, stormwater inflow and
infiltration. Where shift personnd are engaged, the flow will be computed for the shift when most of the people
are working. A useful check on sewage volumes would be to compare water consumption to the sewage
estimate (neglecting inflltration, which will be considered subsequently). About 60 to 80 percent of the
consumed water will reappear as sewage, the other 20-40 percent being lost to irrigation, fire-fighting, wash-
down, and points of use not connected to the sewer.

(1) Good practice requires exclusion of stormwater from the sanitary sewer system to the maximum
practical extent. Infiltration must also be kept to a minimum. Both must be carefully analyzed and the most
realistic practical quantity that can be used in design must be assigned to these flows, Leakage of stormwater
into sewer lines often occurs through manhole covers or collars, but this usually is no more than 20 to 70 gallons
per minute if manholes have been constructed and maintained properly. However; leakage into the sewer mains

4-2
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and laterals through pipe joints and older brick manholes with increase in groundwater levels can result in large
infiltration. The amount of water that actually percolates into the groundwater table may be negligible if an area
is occupied by properly guttered buildings and paved areas, or if the subsoil isrich in impervious clay. In other
sandy areas, up to 30 percent of rainfall may quickly percolate and then lift groundwater levels. Infiltration rates
have been measured in submerged sewer pipe. Relatively new pipe with tight joints still displayed infiltrations
at around 1,000 gallons per day per mile, while older pipes leaked to over 40,000 gallons per day per mile.
Sewers built first usually followed the contour of water courses and are often submerged while more recent
sewers are not only tighter, but are usually built a higher elevations as the system has been expanded. In
designing new treatment facilities, alow for infiltration as given in TM 5-814-1/AFM 88-11, volume 1, except
asmodified by this design manual. Utilize existing flow records, sewer flow surveys, and examine the correlation
between recorded flows and rainfall data to improve the infiltration estimate. The economic feasibility of
improving the collection system to reduce the rate of infiltration should be considered.

(2) Another method for calculating the infiltration component of total flow isto multiply the miles of
agiven pipe size and condition by the diameter in inches and to sum the inch-miles. The sums of inch-miles of
pipe estimated according to conditions are then multiplied by factors between 250 and 500 to obtain gallon/day.
If infiltration is known to be negligible a manholes, then an infiltration allowance may be calculated based upon
area served and figure 4-1. Curve A should be used for worst conditions when pipes are old and joints are
composed of jute or cement. Curve B applies to old pipes with hot or cold asphaltic joints or for new pipes
known to have poor joints. Curve C is used for new sawers where groundwater does not cover inverts and when
joints and manholes are modern and quite tight. Of course, field tests may be conducted to more closely estimate
infiltration.

INFILTRATION,
GALLONS /DAY

s, 000 —

Curve A,
old severs

2,000

Curve 8,
0ld sewers

1,000

Cutve C,
new sawers

500

T ‘] T 1T T 1

200 L ] | Lol Lt
100 1,000 10,000

Sarvice aresz, acres

Figure 4-1. Infiltration allowances.

(3) Average wastewater flow isusudly expressed in million gallons per day, but will be calculated in the
appropriate units for design of the unit process under consideration.

c. Contributing populations. In caculating contributing populations, use 3.6 persons per family residen-tia
unit. In hospitals, count the number of beds, plus the number of hospital staff eating three meals at the hospital,
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plus the number of shift employees having one meal there. Thistotal is the number of resident personnel to be
used in the design calculations. Individuals will be counted only once, either at home or at work. The capacity
factor il appliesin caculating design populations.

d. Indudgrial flow. Industrid wastewater flows will be minima a most military installations. When industrial
flows are present, however, actua measurement is the best way to ascertain flow rates. Modes of occurrence
(continuous or intermittent) and period of discharge must also be known.

Typica industria discharges include wastewaters from the following:

— wastewater treatment plant itself;
— maintenance facilities,

— vehicle wash aress;

— weagpons cleaning buildings;

— boailer blowdowns,

— swimming pool backwash water;
— water treatment plant backwash;
— cooling tower blowdown;

— firefighting facility;

— photographic laboratory;

— medical or dental |aboratories.

e. Stormwater flow. Including stormwater flows isimportant in treatment plant design either when combined
sewer systems are served or when sgnificant inflow enters the sewer system. Combined sewer systems will not
be permitted in new military ingtalations. Separate sewers are required and only sanitary flows are to be routed
through treatment plants. For existing plants that are served by combined sewer systems, capacities will be
determined by pesk wet-weether flow determined from plant flow records. In the absence of adequate records,
hydraulic capacities of four times the dry-weether flow will be used in the design. (Reference to existing systems
is applicable to Army facilities only.)

4-5. Population equivalents.

Suspended solids and organic loading can be interpreted as population equivalents when population data
congtitute the main basis of design. Typical population equivalents applicable to military facilities were given in
table 4-3. These equivaent vaues can aso be used to convert non-domestic waste |oads into population design
vaues. The effects of garbage grinding will be incorporated into popul ation-equivalent values when applicable.
The waste stream to be treated at existing military installations should, when feasible, be characterized; this
actual data should be used in the design.

4-6. Capacity factor.

A capacity factor (CF) taken from table 4-1 is used to make allowances for population variation, changes in
sewage characteristics, and unusua peak flows. The design population is derived by multiplying the actual
authorized military and civilian personnel population (caled the effective population) by the appropriate capacity
factor. Where additions are proposed, the adequacy of each element of the plant will be checked without
applying the capacity factor. When treatment units are determined to be deficient, then capacity factors should
be used to caculate the plant capacity required after expansion. However, the use of an unnecessarily high CF
may so dilute waste as to adversely effect some biological processes. If the area served by a plant will not,
according to the best current information, be expanded in the future, the capacity factor will not be used in
designing treatment components in facilities serving that area. The following equation (eq 4-1) may be used to
estimate total flow to the sewage plant where domestic, industrial and stormwater flows are anticipated.



TM 5-814-3/AFM 88-11, Volumell 1|

X = atb (eq 4-1)
Where

x = Total flow to sewage plant

a = How from population (effective population x 100 gpcd x capacity factor

b = Infiltration + industrial wastewater + stormwater (4 x dry-weather flow)

4-7. Wastewater characteristics.

a. Normal sewage. The wastewater at existing facilitieswill be anayzed to determine the characteristics and
condtituents as required in paragraph 4-5. Andytica methods will be as given in the current edition of American
Public Health Association (APHA) publication, Standard Methods for the Examination of Water and
Wastewater and as approved by the Environmental Protection Agency (EPA). For treatment facilities at new
installations which will not generate any unusual waste, the treatment will be for normal domestic waste with
the following analysis.

pH 7.0 std units
Total solids 720 mg/L
Total volatile solids 420 mg/L
Suspended solids 200 mg/L
Settleable solids 4 ml/L
BOD 200 mg/L
Total nitrogen 30 mg/L
Ammonia nitrogen 15 mg/L
Oilsand grease 100 mg/L
Phosphorus 10 mg/L
Chloride 50 mg/L

Concentrations are presented above in milligrams per liter; which is equivalent to parts per million (ppm). These
values represent an average waste and therefore should be used only where detailed analysisis not available.
When the water supply analysis for the installation is known, the above analysis will be modified to reflect the
normal changes to constituents in water as it arrives at the wastewater treatment plant. Changes will be as
follows:

P in water supply + 12 mg/L = Pin plant influent;
Cl in water supply + 8 mg/L = Cl in plant influent;
Total nitrogen in water supply + 12 mg/L = Total nitrogen in plant influent.

b. Nondomestic loading. Nondomestic wastes are stormwater; infiltration, and industrial contributions to
sewage flow. Stormwater and infiltration waste loadings can be determined by analyses for the constituents of
normal sewage, as presented in the previous section. For these types of flows, the maor loading factors are
suspended solids, biochemical oxygen demand, and coliform bacteria

c. Industrial loading. Industrid waste loadings can also be characterized to a large extent by normal sewage
parameters. However; industrial waste contains contaminants not generally found in domestic sewage and is
more more variable than domestic sewage. Thisis evident in terms of pH, biochemical oxygen demand, chemical
oxygen demand, oil and grease, and suspended solids; other analyses (e.g., heavy metals, thermal loading, and
dissolved chemicals) may aso be necessary to characterize an industrial waste fully. Each industrial wastewater
must be characterized individually to determine any and all effects of treatment processes.
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CHAPTER 5
SELECTION OF TREATMENT PROCESSES

5-1. Regulatory requirements.

a. Requirements are contained in AR 200-1 for Army projects and in AFR 19-1 for Air Force projects.
These regulations implement Executive Orders and DOD Directives and, in general, direct compliance with
treatment requirements established by the Federal Environmental Protection Agency and the environmental
agency of the state in which the installation is located. The National Pollutant Discharge Elimination System
(NPDES) permit requirements established by the U.S. EPA Regional Office and/or State Water Pollution
Control authorities should serve as the effluent standards for the facility.

b. Effluent requirements for new Federal facilities that establish maximum pollution discharge limitations
will be provided by coordination of the Corps of Engineers Design Office with the EPA Regional Federd
Fecilities Coordinator. AFP 19-5 provides guidance in coordinating design for Air Force projects, and TM 5-
814-8 provides guidance in coordinating design for other military projects.

c. Incountries or areas not under U.S. control or administration, projects or activities are subject to the
generally applicable environmental laws, regulations and stipulations of the foreign government concerned.

5-2. Process selection factors.

a. The design of treatment facilities will be determined by feasibility studies, considering all engineering,
economic, energy and environmenta factors. For the purpose of comparison, the energy generated by the treat-
ment process and used in the treatment plant will not be included in the energy usage considered. Only the
energy purchased or procured will be included in the usage evaluation. All legitimate alternatives will be
identified and evaluated by life-cycle cost analyses.

b. According to section 313 (b) (2) of PL 95-217, construction shall not be initiated for facilities for
treatment of wastewater at an Federal property or facility if alternative methods of wastewater treatment at
some similar property or facility utilizing innovative treatment processes and techniques, including but not
limited to methods utilizing recycle and reuse techniques and land treatment, are in use. If the life-cycle cost
of the dternative treatment works exceeds the life-cycle cost of the most cost effective aternative by more than
15 percent, then the least expensive system must be used. The Administrator may waive the applications of
this paragraph in any case when the Administrator determines it to be in the public interest, or that compliance
with this paragraph would interfere with orderly compliance with conditions of a permit issued pursuant to
section 402 of this act.

c. Request for waiver of the above requirement, with supporting justification, will be forwarded through
command channelsto HQDA (CEEC-EB) WASH DC 20314-1000 for Army projects and HQ USAF/LEEE
WASH DC 20322 for Air Force projects.

5-3. Impact on receiving waters.

The toxicity, coliform count, biochemical oxygen demand, chemical oxygen demand, settleable solids, and
nutrient load of the waste stream must be considered in determining its impact on the receiving waters. The
impact is dependent on the ability of the receiving water to assimilate the waste stream. Dissolved oxygen
levels provide one of the means to interpret the impact. Increased waste loads cause increased microbid
activity, exerting a high oxygen demand and a lowering of the dissolved oxygen level of the receiving water.
A low dissolved oxygen level affects the viability of most aguatic life. Design data for oxygen levelsin fresh
water are given in appendix B.
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CHAPTER 6
SMALL FLOW TREATMENT SYSTEMS

6-1. General considerations.

Treatment systems handling less than 1.0 million galons per day are generally considered small treatment
systems. For some packaged treatment systems, the principles of design are no different but the choice of
equipment will usudly differ from that used in large plants. Thisis usually due to the effect of economies of
scale, whereby certain operations are economically feasible only on alarge scae. In other cases, certain
treatment systems such as septic tanks, Imhoff tanks, waterless toilets, mounding systems and composting
toilets are only applicable to very small flows. Small packaged plants must make larger safety factor
allowances for flow variation and temperature effects relative to total wastewater flows. Smaller package
plants inherently have less operational flexibility; however, they are capable of performing effectively and
efficiently. These small packaged plants may consist of trickling filter plants, rotating biological discs,
physica-chemica plants, extended aeration activated sludge plants, and septic tanks. (Barnes and Wilson,
1976.) Design criteriafor septic tanks, Imhoff tanks, waterlesstoilets, mounding systems, composting toilets,
and filtration/reuse systems are given below. Criteria for other processes have been presented in other
chapters of this manual. (See aso: Hutzlet, et al., 1984; Grady and Lim, 1985.)

6-2. Septic tanks.

Septic tanks, with appropriate effluent disposal systems, are acceptable as a treatment system for isolated
buildings or for Sngle-unit residentia buildings when permitted by regulatory authority and when aternative
treatment is not practical. When soil and drainage characterictics are well documented for a particular site,
septic tank treatment may be permanently feasible. Septic tanks perform settling and digestion functions and
are effective in treating from 1 to 300 population equivalents of waste, but will be used only for 1 to 25
population equivalents, except when septic tanks are the most economical solution for larger populations
within the above range. Minimum size will be at least 500-gallons capacity. In designing tanks, the length-to-
width ratio should be between 2:1 and 3:1, and the liquid depth should be between 4 and 6 feet (fig 6-1). (See
Military Standard Drawings No.26-20-01 and 26-20-02 for details of construction.) Detention time depends
largely on the method of effluent disposal. When effluent is disposed of in subsurface absorption fields or
leaching pits, 24 hours detention time based on average flows is required. The septic tank must be sized to
provide the required detention (be low the operating liquid level) for the design daily flow plus an additiona
25 percent capacity for dudge storage. If secondary treatment such as a subsurface sand filter or an oxidation
pond is provided, this can be reduced to 18 hours. Open sand filter treatment can further reduce detention
time to 10 to 12 hours. Absorption field and leaching well disposal should normally be limited to small
facilities (less than 50 population equivalents). If the total population is over 50, then more than one entirely
separate field or well would be acceptable. For 10 or more population equivalents, discharge of effluent will
be through dosing tanks which periodically discharge effluent quantities near 80 percent of the absorption

system capacity.
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Figure 6-1. Typical two-compartment septic tank.

a. Subsurface absorption. Subsurface absorption can be used in conjunction with septic tank treatment
when soil conditions permit. Percolation tests must be performed as required by the U.S. Public Health
Service, and the groundwater table at the highest known or anticipated level must not reach any higher than
2 feet below the invert of the lowest distribution line. Absorption fields normally consist of open-joint or
perforated digtribution pipe laid in trenches 1 to 5 feet degp and 1 to 3 feet wide. The bottoms of the trenches
arefilled with a minimum of 6 inches of ¥ to 2%2inch rock or gravel (fig 6-2). The perforated distribution
pipeislaid on top of this rock, and the open joints between pipe lengths are covered to prevent clogging.
Morerock is placed carefully over the pipe network, and then a semipermeable membrane is used over the
rock layer to prevent fine-grained backfill from clogging the drainage zone. Distribution pipe may be spaced
ascloseas 2 feet if the rock beneath is deep, the subsoil porous, and distance to bedrock greater than 4 feet.
Generdly, digtribution pipelines are 3 to 6 feet apart laterally and are no longer than 100 feet. Consult EPA
625/1-80-012 for complete details and leach field specia design information. Minimum depth of trench will
be 18 inches, with 12 inches of backfill. Invert lopes will be 0.3 percent when dosing tanks are used and 0.5
percent when not used. Soil absorption systems will be 100 feet from water supply wells, 50 feet from
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streams, 10 feet from any dwelling or property lines. Soil testing is a mandatory prerequisite for any
subsurface disposal of waste. MIL-STD 619 B specifies soil testing methodologies. Finally, local and State
regulations must be consulted for additional mandatory requirements.

Distrioution

3-6 Ft. Spacing Generally
Box

(Minimum Trench Sigewalls
Spacing 1s 18")

Cover 6" To 12" Uniess
Climate is Severely Colo

Perforated
Distrioution

Bed Bottom

18 to 24 in.
Untess Deeper
For Cold

Distrioution Pipe Climate

Kept Level To Barrier

Assure Completely Material

Even Wastewater Above 36 1t. 35 ft. v

Districution Pipe -l . SE. 671? In. of

':";»,",_ S0 ¥%-2% inch dia. Rock
2~ ft.min CooUQr e

Water Table or
Creviced Bedrock

Figure 6-2. Subsurface absorption systern.

b. Leaching wells. Leaching wells can be used for septic tank effluent disposal where subsoil is porous.
Although absorption beds are generdly preferred, Site characteristics and cost considerations may encourage
the use of aleaching well. Wells are constructed with masonry blocks or stone with lateral openings, and
gravel outside to prevent sand from entering the well. If more than one well is required, they should be
paced at intervalswith at least twice the diameter of awell as distance between well hole sides. Percolation
area is that area on the side and bottom of the hole for the leaching well. The bottom of a leaching well
should be 4 feet above seasonal high water. See figure 6-3 and EPA Manua No0.625/1-80-012.
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Figure 6--3. Seepage pit cross-section.

c. Subsurface sand filters. Septic tank effluent can also be applied to subsurface sand filters. Subsurface
explorations are dways necessary. Clogging and ingtdlation costs are significant disadvantages. Where recir--
culatory sand filters on used dose rate may range between 3-5 gallons per day per square foot, Consult EPA

Manual No0.625/1-80-012, Harris et a., 1977, and Ronaye et a., 1982, for appropriate procedures for site
evalua-tion and design parameters.

d. Percolation tests. In the absence of groundwater or subsoil information, subsurface explorations are
necessary. This investigation may be carried out with shovel, posthole digger, or solid auger with an
extension handle. In some cases the examination of road cuts or foundation excavations will give useful
information. If subsurface investigation appears suitable, percolation tests should be made at typical points
where the disposal field is to be located. Percolation tests determine the acceptability of the site and serve
asthe basis of design for the liquid absorption. Percolation tests will be made as follows (fig 6-4).



TM 5-814-3/AFM 88-11, Volume llI

[1L1132]
0
—

‘#20}m% MDA D 12lis
Bupntosw set K093 OF
pesn oq Kow Jydpysold

—

1ujag #2000 )%y vE
periy JmMaQ J0 &

Jeoyg Jairg

wu) .2&1‘L

1S Tup imeoq —— ﬁv

$110s22 21153y prajh
8323 30 punase |BARIE Jo woU| | jo WU|U|e e

UiIn 210y s jo wollog ey o3 ebe3 wira e g0 esn ey

930 01 FIeut o1 %e0)s FupBrofs siem §ijot u) 310K

EMLIET )
11 3AOM 01 10N 1043¥Y) 34

[TLILY ¢/
10 1840 2 4
- 3 N
I‘apﬁ\ 14 i
q & K
7 $ ~\ "
24 g
o, ’ 'a
. aopeg miom,” \o“u a 0%
5 P LA
cologd@y T -1 v
Z¢=) | p
vee| /
3| Buipery ‘ . Z
We3 vetw
pirog Mileg
s M1
o MUl NS
¢ Ju|inseon doey
I3 43
2
e DI —
v
V
15017 *pIng v Wy s0|M
4

T33¥14 NI Q¥Y0D ¥3llvd 3AYIY C1¥ (310N

tleanlu) ) JeiRdey
1y 0294 13U17 WIE Si1SP